Case report {#sec0001}
===========

On March 8, 2020, a 60-year-old man presented to the emergency room with fever elevated to 38.1°C (100.5°F), cough, and shortness of breath. The patient did not have any significant comorbidities or contributory travel history. He was tested for several viral pathogens using a respiratory viral panel by PCR and was found to be negative for all of them ([Fig. 1](#fig0001){ref-type="fig"}). A chest X-ray was ordered and initially read as normal ([Fig. 2](#fig0002){ref-type="fig"}). However, in retrospect, there is a suggestion of subsegmental ground-glass opacities (GGO) beginning to become apparent given the onset of symptoms 7 days prior to admission. Of note, there is no evidence of lymphadenopathy or pleural effusions on this chest X-ray. While most patients imaged at 0-2 days after symptom onset had normal imaging, studies have shown limited specificity in diagnosing lower respiratory tract illnesses with chest X-ray [@bib0001].Fig. 1Respiratory viral panel by PCR dated March 8, 2020: Nonreactive respiratory viral PCR panel (not including COVID-19 which was later found to be positive upon transfer).Fig. 1Fig. 2PA chest X-ray dated March 8, 2020 (frontal view): There are patchy hazy subsegmental opacities noted bilaterally.Fig. 2

The next day, on March 9, 2020, a contrast-enhanced chest CT demonstrated subsegmental GGO extending to the periphery of the lungs without subpleural sparing ([Fig. 3](#fig0003){ref-type="fig"}). There was no evidence of tree-in-bud opacities, pleural effusions, cavitation, or mediastinal/hilar lymphadenopathy ([Fig. 4](#fig0004){ref-type="fig"}). The chest X-ray and coronal view of the early chest CT are 1 day apart and one can visualize to better advantage where there may have been GGO forming even on the chest X-ray a day earlier ([Fig. 5](#fig0005){ref-type="fig"}). These findings along with the clinical symptoms suggested an early phase SARS-CoV-2 infection (COVID-19) and isolation protocols were followed based upon this suspicion.Fig. 3Contrast-enhanced chest CT dated March 9, 2020 (axial view/lung window): Subsegmental ground glass opacities are noted extending to the periphery of the lungs without subpleural sparing.Fig. 3Fig. 4Contrast-enhanced chest CT dated March 9, 2020 (axial view/soft-tissue window): There was no evidence of tree-in-bud opacities, pleural effusions, cavitation, or mediastinal/hilar lymphadenopathy.Fig. 4

The patient demonstrated marked progression of dyspnea on March 11, 2020 and a follow-up noncontrast chest CT demonstrated significant progression of peripherally based GGO, now involving multiple segments of the lungs bilaterally. CT images of both lungs show multifocal GGO with consolidation scattered in peripheral zones of the lungs with poorly defined boundaries, vascular thickening, and associated intralobular septal thickening "crazy paving pattern" suggesting progressive phase COVID-19 infection ([Fig. 6](#fig0006){ref-type="fig"}). Of note, no pleural effusions or lymphadenopathy had developed in the 2-day interval ([Fig. 7](#fig0007){ref-type="fig"}). The correlation between the progression of clinical symptoms and imaging findings helped to exclude other noninfectious etiologies that can be seen with a peripheral pattern of lung disease ([Figs. 8](#fig0008){ref-type="fig"} and [9](#fig0009){ref-type="fig"}).Fig. 6Contrast-enhanced chest CT dated March 11, 2020 (axial view/lung window): CT images of both lungs show progression of multifocal ground-glass opacities with developing consolidation scattered in the peripheral zones of the lungs. There are poorly defined boundaries, vascular thickening, and associated intralobular septal thickening "crazy paving pattern" suggesting progressive phase COVID-19 infection.Fig. 6Fig. 7Contrast-enhanced chest CT dated March 11, 2020 (axial view/soft-tissue window): There was no evidence of tree-in-bud opacities, pleural effusions, cavitation, or mediastinal/hilar lymphadenopathy.Fig. 7Fig. 8Comparison of contrast-enhanced chest CTs dated March 9, 2020 and March 11, 2020 (axial view/lung window): Interval progression from early phase to progressive phase COVID-19 infection within 3 days correlating with increasing dyspnea.Fig. 8Fig. 9Contrast-enhanced chest CTs dated March 9, 2020 and March 11, 2020 (coronal view/lung window): Interval progression from early phase to progressive phase COVID-19 infection within 3 days correlating with increasing dyspnea.Fig. 9

The patient was subsequently transferred to an outside hospital where an rRT-PCR test was positive for COVID-19. The patient was admitted to the intensive care unit and placed on prone ventilation and started on remdesivir. The patient was followed with serial chest X-rays, but no imaging is available from this stay. On March 18, 2020, the patient remained dependent on a ventilator, but was beginning to stabilize using a combination of prone ventilation and remdesivir treatment. As of March 26, 2020, the patient had been extubated and transferred to the step down unit having demonstrated marked improvement in oxygen saturation. It remains unclear whether the drug treatment was responsible for this stability or if supportive care allowed the patient\'s immune system to respond appropriately. At the time of this submission, the patient remained admitted to the inpatient unit, but was recovering.Fig. 5Contrast-enhanced chest CT dated March 9, 2020 (axial view/lung window) and frontal CXR dated March 8, 2020: The coronal view of the early chest CT and the frontal chest X-ray are 1 day apart and one can visualize to better advantage where there may have been ground-glass opacities forming even on the early chest X-ray a day earlier.Fig. 5

Discussion {#sec0002}
==========

The first documented case of community-acquired COVID-19 infection was a 35-year-old man in the state of Washington on January 19, 2020 [@bib0002]. Since the outbreak in Wuhan, China, it has been suggested that this disease appears to be more severe in male patients, patients over 60 years old, or patients with underlying respiratory or cardiac disease. The early symptoms, according to the CDC, include shortness of breath, fever, and cough. The pathologic diagnosis includes negative STAT rapid influenza and RSV PCR tests with a positive COVID-19 rRT-PCR test. However, at the time of this publication testing is not yet routinely available at all medical facilities throughout the country or to asymptomatic members of the general public. When COVID-19 rRT-PCR tests are available at a healthcare facility, obtaining results could vary between hours to 5 days.

Imaging has played a controversial role in the diagnosis and management of COVID-19. There have been several publications that indicate a role for chest CT in early detection of COVID-19 when combined with clinical suspicion and high pretest probability [@bib0003]. For example, one study published in the *American Journal of Roentgenology* on February 20, 2020 found that there was a low miss rate for COVID-19 on chest CT (3.9% 2/51 cases). Therefore, a negative chest CT may assist in management by allowing physicians to determine whether quarantine is warranted when the patient is within the incubation window [@bib0004]. However, in mid-March of 2020, the ACR issued an official statement on this topic and acknowledged that under current shortages and delays in testing: \"some medical practices are requesting chest CT to inform decisions on whether to test a patient for COVID-19, admit a patient or provide other treatment. The ACR strongly urges caution in taking this approach. A normal chest CT does not mean a person does not have COVID-19 infection - and an abnormal CT is not specific for COVID-19 diagnosis. A normal CT should not dissuade a patient from being quarantined or provided other clinically indicated treatment when otherwise medically appropriate" [@bib0005].

There is minimal utility in obtaining a chest X-ray in the early stages of an acute lower tract infection except to exclude other etiologies of dyspnea. However, early chest X-rays (0-2 days within symptom onset) tend to be normal or demonstrate increased bronchovascular markings [@bib0001]. Later stages of the disease tend to be less specific for COVID-19 as secondary complications may look more like pneumonia than a typical viral infection and the role for serial chest X-rays appears to have more utility in establishing a baseline to assess improvement of aeration and ascertain the locations of tubes and lines in the intensive care unit.

Chest CT has some findings that appear common across multiple cases of COVID-19 and are similar to SARS-CoV-1. The most common findings described include patchy subsegmental GGO with peripheral and bilateral distributions which do not spare the periphery. Consolidative airspace disease occurs in later phases of the infection [@bib0006]. Crazy-paving is also associated with the disease, representing regions of interlobular and intralobular septal thickening. Airway and bronchovascular thickening can be seen in both early and later stages with later stage features evolving to bronchiectasis and potentially traction bronchiectasis. While some of the features may overlap stages depending on the patient\'s comorbidities, there are 4 stages of the disease to consider in recognizing the pattern of disease associated with COVID-19 ([Table 1](#tbl0001){ref-type="table"}) [@bib0007].Table 1The 4 stages of COVID-19Table 1Early/initial stage (0-4 days)Progressive stage (5-8 days)Peak stage (10-13 days)Absorption stage (≥14 days)

The early/initial stage (0-4 days) demonstrates the previously described and most well-recognized features of COVID-19 infection, consisting of peripherally-based GGOs without subpleural sparing as in our case ([Fig. 3](#fig0003){ref-type="fig"}). Alternatively, as mentioned in the ACR\'s statement, this stage can have a normal CT chest appearance. Some features that are not usually present in early examples of COVID-19 include pleural effusions, cavitary airspace disease, typical tree-in-bud opacities, pneumothorax, or thoracic lymphadenopathy. However, many of these features can be seen in later stages of the disease as secondary complications.

The progressive stage of the disease (5-8 days) demonstrates an increased amount of GGO relative to the early phase. These opacities can be distributed in a bilateral, multifocal, and multilobular pattern with poorly defined boundaries. There is vascular thickening and associated intralobular septal thickening "crazy paving pattern," as noted in the case report ([Figs. 6](#fig0006){ref-type="fig"} and [9](#fig0009){ref-type="fig"}b).

The peak stage (10-13 days) includes consolidation and can include secondary complications of the disease. This phase can have an even less specific pattern. For example, 1 study found a pattern similar to organizing pneumonia, previously referred to as cryptogenic organizing pneumonia, appeared in this late stage [@bib0008]. Organizing pneumonia, while idiopathic in etiology, can resemble many types of pneumonia with bilateral, peripherally based patchy alveolar airspace opacities and a "reverse halo" sign in which a GGO is surrounded by denser crescentic or ring shape consolidation [@bib0009].

The hallmark of the absorption stage (≥14 days) was improved aeration of the lungs with resolving features of "crazy paving," continued resolution of GGO, and parenchymal bands. Additionally, there may be changes of fibrosis found at this stage. In 2004, after SARS-CoV-1, postmortem histological examinations revealed that there were features of diffuse alveolar damage in all patients, pronounced pulmonary edema, and hyaline membrane formation. Changes of fibrosis, including focal honeycombing fibrosis, were also found in what would now be considered the progressive stages, peak stages, and absorption stages [@bib0010]. However, the role that fibrosis plays in prognostication has been controversial. For example, 1 study suggested that patients with fibrous stripes and lesions are forming these during healing and that fibrosis could indicate stabilization. Another study suggested that fibrosis could indicate a poor outcome in the case of SARS-CoV-2 (COVID-19) and, when seen in earlier stages, could imply an impending progression to the peak stage [@bib0011].

In summary, this case demonstrates some of the most common imaging findings in early and progressive stage COVID-19 infection. It also highlights the necessity of recognizing the patterns of COVID-19 infection in the early phase if presented with that opportunity. The management implications for identifying common features of viral pneumonia are becoming more clear. Further, it is not entirely unprecedented for radiologists to need to be this specific about an organism on imaging as the accurate diagnosis of tuberculosis carries a similar importance. However, tuberculosis is not as common and it is possible that this will be considered the tuberculosis of this generation of radiologists. One of the most common arguments for not utilizing CT chest for this diagnosis remains the nonspecific features of COVID-19 suggesting the overlap with other peripherally based airspace patterns such as organizing pneumonia. However, at the time of this submission, the chest CT is one of the primary tools used for diagnosis of symptomatic COVID-19 infection along with rRT-PCR and clinical symptoms. It seems practical that identifying and documenting the pertinent negatives of viral pneumonia well enough to suspect COVID-19 infection will remain an important role for the radiologist. Additionally, patients may have comorbidities that can decrease the specificity of chest CT for COVID-19, but this appears to represent a time where advanced cooperation between the radiologist and clinician is one of the most important factors in ascertaining an accurate diagnosis.

Given the controversial role the radiologist plays in diagnosis of COVID-19, future consideration should include the use of artificial intelligence and deep learning. Deep learning algorithms have already shown some success in rapidly identifying patterns associated with this infection via the COVID-19 detection neural network (COVNet) [@bib0012]. Additionally, at the time of this submission, there is an ACR Data Science Institute use case for artificial intelligence algorithms which addresses the pertinent findings of COVID-19. The ACR Data Science Institute use cases are created by radiologists and are meant to be used as open-source guidelines for data scientists who wish to design neural network architecture to identify features or patterns of radiographic pathology [@bib0013].
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